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Introduction
Chronic kidney disease (CKD) is a serious global health 
issue, which causes a burden of disease in populations.1 In 
the U.S, 1 in 10 adults will have CKD,2 and the total annual 
direct costs attributable to CKD are approximately USD 
49 billion.3 In 2016, approximately 9.6% (5.8 million peo-
ple) of Italian patients had CKD4 which resulted in an 
annual loss of 1.81 billion euros.5 In Thailand, the total 
annual cost (including ambulatory costs and hospitalization 
costs) for patients with CKD stage G3a, G3b, or G46 was 
5701.34 Thai Baht (equivalent to USD 189.92).6 In China, 
according to the 2012 report by the Shanghai Hemodialysis 
Quality Control Center, 77.5% of dialysis patients had 
CKD and the average annual cost per patient is approxi-
mately $16 625 USD.7 In Vietnam, according to research by 
Lan Phuong et al in 2018, the average annual cost of treat-
ment per patient at stage 1 to 3 was USD 2826.3; USD 
3320.3; and USD 9498.3 for patients with stage 4 to 5 CKD. 
In 2018, Vietnam’s GDP per capita was USD 2566.6. This 
demonstrates that expenses associated with CKD during its 
initial stages are greater than the average annual income of 
a Vietnamese citizen, suggesting that a large number of peo-
ple are unable to afford their own CKD treatment.

District 2 Hospital is recognized as a first-class hospital by the 
Ministry of Health. During the past year, the hospital conducted 
over 5500 CKD treatments, which accounts for approximately 
1% of the total number of medical examinations and treatments 

at the hospital in 2019. The cost payable is estimated to be more 
than the average cost of other diseases. However, no research has 
been conducted to understand the cost components of the treat-
ment to determine the factors that contribute to increasing the 
cost (age, gender, clinical condition, etc.) in CKD patients at 
District 2 Hospital. Therefore, the purpose of this study is to 
structurally analyze and determine the factors that directly affect 
the cost of CKD treatment in District 2 Hospital to propose 
effective interventions and control measures to reduce the burden 
and improve the lives of patients.

Methods
Study design

This is a cross-sectional study of CKD treatment expenses 
using a prevalence-based approach based on the administrative 
database of District 2 Hospital in 2019. The objects were 
demographics and treatment cost information of all CKD 
patients in District 2 Hospital from January 2019 to December 
2019 (1175 cases). The selection criteria are based on the pri-
mary or secondary disease diagnosis code (according to the 
ICD10) of the patient with the N18 or sub-codes of N18.

In this study, we synthesized the demographic and treat-
ment cost data for each subject in 2001. Next, we analyzed the 
demographics and treatment costs to determine the factors 
that directly affect the expenses associated with CKD treat-
ment in District 2 Hospital.
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Estimation of cost. This study analyzed the direct medical 
expenses of CKD patients at each stage, age group, and comor-
bidity. This analysis also includes variables such as cost of visits, 
surgery/operation, drugs, blood, laboratory and medical imag-
ing, medical supplies, hospital beds, and transportation. Data 
were extracted from the administrative database of District 2 
Hospital in 2019. All expenses have been converted into U.S. 
dollars using average exchange rates updated in January 2020 
(1 U.S. dollar = 23 172.50 VND). The description of the varia-
bles is provided in Supplemental Material 1.

Data analyses and statistical methods. Descriptive statistics were 
used to summarize the demographic information, clinical sta-
tus, and component expenditures of the data. Modified Park 
was used to determine the accuracy of the format distribution.8

Generalized linear regression was applied to identify the 
factors associated with the direct medical costs of CKD.5,8,9 
The variables adjusted in the model were the stage of CKD, 
age, gender, comorbidities (diabetes, CVD, anemia) which 
greatly impact the CKD treatment costs (other studies also 
used the same variables).5,9 The link test was used to evaluate 
the accuracy of the model (link function or error case).5 The 
Kullback-Leibler-divergence-based R2 was used to describe 
the degree of variation of the data which was estimated from 
the generalized linear regression.9 The P-value <.05 was con-
sidered statistically significant. In addition, the study also per-
formed random grouping sampling to make predictions, 
thereby evaluating the predictability and applicability of the 
regression model.

Data analysis and statistical tests were performed using 
Stata 15 software.

Ethical considerations. Written informed consent was obtained 
from participants who were involved in the study. The research 
protocol was approved by the Biomedical Research Ethics 
Council at the District 2 Hospital and the University of Medi-
cine and Pharmacy in Ho Chi Minh City, Vietnam

Results
Patient characteristics

At District 2 Hospital, patients with stage 3 CKD accounted 
for the highest proportion (482 patients; 41.0%) of the total 
1175 CKD cases diagnosed. In general, CKD patients at 
District 2 Hospital often have high blood pressure (957 
patients; 81.4%) and ischemic heart disease (554 patients; 
47.1%). On average, patients had 9 (16.8%) outpatient visits 
and 10 (11.0%) days of inpatient treatment annually. The 
results are presented in Table 1.

Treatment costs of CKD

The total expenses of all CKD patient at District 2 Hospital 
were USD 916 423 988.60. The per-patient costs disaggregated 

for different CKD stages are shown in Table 2. Treatment 
expenses differed between inpatients and outpatient patients, 
similarly, expenses differed between men and women. There is 
a significant transformation in the structure of the cost list over 
the disease stages. In general, drugs, surgery/operation; labora-
tory tests and medical imaging are expenses that account for 
the largest proportion of CKD patients at District 2 Hospital 
(Table 2).

Generalized linear regression

The study utilized the generalized linear regression model 
(GLM) with its most common form of the log link function 
and the gamma distribution, the results are presented in 
Table 3.

The intercept coefficient in the treatment cost regression 
model of CKD is 12.3563. This parameter implies that the 
median self-determined average cost of a patient with CKD at 
District 2 Hospital was e12 3563 = USD 10.03 when the patient 
had background pathology such as CKD stage 1 to 2, male, 0 
age, and absence of comorbidities of diabetic, cardiovascular 
disease, or anemia. Note that costs are only valid arithmetic.

The cost GLM regression formula in CKD patients:
Regression formula by treatment cost:

Treatment cost e
Sba Sbn ES

=

+ + + +12 3563 1 2238 1 8279 3 9149 0 0, , * , * , * , 1161
0 5959 0 2946 0 6196 0 6651

*
, * , * , * , *

[

Age
Female DM CVD AM− + + +

=R  2   0 6415, ]

Regression formula by drug cost:

Drug cost e
Sba Sbn ES A

=

+ + + +11 4331 0 8566 1 3550 3 2613 0 0200, , * , * , * , * gge
Female DM CVD AM− + + +

=

0 4034 0 3906 0 6550 0 7398

0 433

, * , * , * , *

[ ,R  2 99]

Where
Pseudo-R² is measured by the Kullback–Leibler divergence.
SBa: The dummy variable represents patients with stage 3 
CKD (Sba = 1 if the patient has stage 3 CKD; Sba = 0, 
otherwise).
Sbn: The dummy variable represents the patients with stage 4 
to 5 CKD (Sbn = 1 if the patient has stage 4-5 CKD; Sbn = 0, 
otherwise).
ES: The dummy variable that represents the patient is in 
ESRD (ES = 1 if the patient has ESRD; ES = 0, otherwise).
Age: A discrete quantitative variable representing the age of 
the patient.
Female: The dummy variable representing the patient is Female 
(Female = 1, if female; Female = 0, if male).
DM: The dummy variable represents the patient with diabetes 
(DM = 1, if the patient has diabetes; DM = 0, otherwise).
CVD: The dummy variable representing patients with cardio-
vascular disease (CVD = 1 if the patient has cardiovascular dis-
ease; CVD = 0, otherwise).
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AM: The dummy variable representing patients with anemia 
(AM = 1 if the patient has anemia; AM = 0, otherwise).

The results indicates that multicollinearity does not affect 
the regression model by treatment cost and the Regression 
model by drug cost, because all GVIF (generalized variance 
inflation factor) values <2 (variable of CKD stage [1, 83], age 
[1, 35], gender [1, 03], DM [1, 09], CVD [1, 28], AM [1, 48]).

Random samples were divided into 2 groups. The training 
set was used as input parameters to estimate the model (approx-
imately 85% of the total number of patients) and the test set 
was used to verify the predictive ability of the model (approxi-
mately 15% of the total number of patients). The results are 
shown in Figure 1, where the average predicted value line (dark 
green), 95% confidence interval of the predicted value (light 
blue area) and the actual values, the cost of CKD patients 

corresponds to the age and stage of each person. In patients 
with CKD stages 1 to 2, the regression model predictions when 
the approximate actual values are in the 95% confidence inter-
val. In patients with stage 3 CKD, it indicated that the actual 
cost value had a significant deviation from the forecasted value. 
For patients with CKD stages 4 to 5, the actual cost value also 
deviates from the forecast range, although not as much as in 
stage 3.

Discussion
At District 2 Hospital, the demographic results also show that 
more than half of the patients treated for CKD are in stages 3 
to 4, which indicates that the hospital’s management and inter-
vention policies should focus on this stage to achieve the best 
results. In addition, according to global epidemiological 

Table 1. Demographics of CKD patients at district 2 hospital in 2019.

CKD STAgE 1-2 CKD STAgE 3 CKD STAgE 4-5 ESRD OVERALLa P

Number of patients (n, %) 44 (3.7) 482 (41.0) 217 (18.5) 254 (21.6) 1175 (100)  

Female (n, %) 24 (54.5) 163 (33.8) 107 (49.3) 124 (48.8) 489 (41.6) .000

Age (mean, SD) 64.2 (10.1) 70.4 (11.9) 72 (12) 52.4 (20.4) 65 (17.1) .000

Health insurance (n, %)

 80 31 (70.5) 232 (48.1) 104 (47.9) 116 (45.7) 570 (48.5) .010

 95 4 (9.1) 61 (12.7) 8 (3.7) 31 (12.2) 117 (10)  

 100 9 (20.4) 182 (37.8) 100 (46.1) 105 (41.3) 473 (40.3)  

 Othersb — 7 (1.4) 5 (2.3) 2 (0.8) 15 (1.3)  

Inpatient

 Number of patients (n, %) 2 (4.5) 189 (39.2) 70 (32.3) 13 (5.1) 302 (25.7)  

 Number of treatments/year (mean, SD) 5.5 (2.1) 9 (10.6) 12.2 (10.1) 22.4 (20.3) 10 (11) .001

Outpatient

 Number of patients (n, %) 42 (95.5) 293 (60.8) 147 (67.7) 241 (94.9) 873 (74.3)  

 Number of treatments/year (mean, SD) 1.3 (0.5) 2.5 (3.5) 7.1 (14.2) 23.9 (24.4) 9 (16.8) .001

Comorbidities (n, %)

 Diabetesc 12 (27.3) 203 (42.1) 118 (54.4) 132 (52) 514 (43.7) .001

 Anemiag — 36 (7.5) 61 (28.1) 178 (70.1) 283 (24.1) .000

 Congestive heart failureh — 54 (11.2) 50 (23) 48 (18.9) 154 (13.1) .000

 Hypertensiond 35 (79.5) 421 (87.3) 202 (93.1) 222 (87.4) 957 (81.4) .000

 Ischemic heart diseasee 16 (36.4) 205 (42.5) 127 (58.5) 171 (67.3) 554 (47.1) .000

 Cerebrovascular diseasef — 3 (0.6) 5 (2.3) 5 (2) 15 (1.3) .056

aIncluding patients with code N18, N18.8, and N18.9.
bThe types of insurance are not in the above group.
cCalculated by looking up the patient’s comorbidities with codes E10-E14.
dCalculated by looking up the patient’s comorbidities with codes I10-I15.
eCalculated by looking up the patient’s comorbidities with codes I20-I25 (except I25.3 and I25.4).
fCalculated by looking up the patient’s comorbidities with codes I50, I11.0, I13.0, I13.2, I97.1, I51.9, or I42.
gCalculated by looking up the patient’s comorbidities with codes D50, D63, or D64.
hCalculated by looking up the patient’s comorbidities with codes I60-I64 or g459.
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studies,7,10 the prevalence of CKD stages 1 to 2 is usually 
greater than of other stages. However, according to District 2 
Hospital data, the proportion of CKD stages 1 to 2 accounts 
for only 3.8% the total patients with CKD treated at the hos-
pital. This could be since the majority of patients with stages 1 
to 2 CKD are currently undetected.

At District 2 hospital, drugs account for the highest proportion 
of CKD treatment costs among inpatients. Among outpatients, 

surgery/operations account for the highest proportion (50%), and 
drugs for the second-highest proportion of CKD treatment costs. 
There is no cure for CKD. In the early stages of the disease, treat-
ments with reversible causes may prevent disease progression. 
With end-stage renal disease (ESRD), patients need dialysis or a 
kidney transplant to live.11 Therefore, the cost of drugs and sur-
gery/operations (especially the cost of regular dialysis) is the pri-
mary reason for the economic burden on CKD patients. Policies 

Table 2. Direct medical cost of CKD patients in each stage (Unit: USD).

PARAMETERS AVERAgE COSTS Pa TOTAL COST (%)

CKD STAgE 
1 (N18.1)

CKD STAgE 
2 (N18.2)

CKD STAgE 
3 (N18.3)

CKD STAgE 
4 (N18.4)

CKD STAgE 
5 (N18.5)

ESRD 
(N18.0)

gender

 Male 14.8 38.4 211.4 361.0 994.6 2848.8 <.001 502 943.3 (54.9)

 Female 29.6 32.3 81.4 268.2 533.3 2943.4 <.001 413 480.7 (45.1)

Inpatient

 Visits — 0.7 0.4 0.9 1.7 1.2 165.4 (0.1)

  Laboratory and 
medical imaging

— 49.8 100.9 160.2 300.0 429.9 429.9 (26.5)

 Surgery/operation — 5.9 9.4 53.5 166.4 469.4 13 188.5 (9)

 Drugs — 19.9 124.3 211.4 301.3 777.2 51 290.2 (34.9)

 Blood — — 8.2 19.0 29.6 161.7 7592.7 (6.1)

 Medical supplies — 1.3 10.9 61.9 12.2 132.1 <.001 9693.6 (7.7)

  Hospital beds and 
transportation

— 35.2 63.9 84.8 154.4 248.9 23 133.3 (15.7)

 Total — 113.0 321.2 605.6 972.9 2271.2 147 049.3 (100)

Outpatient

 Visits 1.5 1.6 2.1 3.9 5.0 18.5 <.001 5957.0 (0.9)

  Laboratory and 
medical imaging

4.2 4.9 14.3 47.2 157.9 151.1 51 589.7 (6.7)

 Surgery/operation — — 3.2 6.2 150.5 1657.8 404 216.6 (52.5)

 Drugs 17.1 23.5 34.1 91.9 200.7 985.5 267 587.4 (34.8)

 Blood — — 1.1 2.5 63.8 24.3 7702.8 (1)

 Medical supplies — — 7.1 1.8 6.7 17.0 7217.7 (0.9)

  Hospital beds and 
transportation

— — 5.9 23.3 90.5 71.2 24 065.2 (3.1)

 Total 23.0 30.3 68.2 177.5 676.0 2928.6 769 374.7 (100)

Total (95%CI)b 23.0 
(0-1083.7)

35.1 
(196-
1859.9)

167.4 
(14.2-
17 622.2)

315.1 
(21.8-
33 741.8)

775.0 
(29.1-
86 826.9)

2895.0 
(448.5-
288 843)

916 423 988.6

Mann-Whitney test 
P-value

.0190 <.001 <.001 .1357 .3971  

aKruskal-Wallis test.
bBased on the gamma distribution.
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can be proposed to strictly control medication and reduce drug 
costs, or support ESRD patients to significantly reduce the burden 
on patients.

For the results of the generalized linear regression, it was 
difficult to predict the treatment cost of patients with stages 3 
to 5. For CKD stages 1 to 2 and ESRD, the regression model 
accurately predicts the approximate actual values in the 95% 
confidence interval. This is also consistent with the theory of 
pathogenesis and treatment of CKD. Since stages 1 to 2 are the 
early stages of CKD, kidney function is not greatly impaired 

and does not require much medical intervention or treatment, 
so the cost is usually low and “predictable.” For ESRD patients, 
dialysis is usually mandatory and accounts for most of the cost, 
so the cost is less volatile. Compared to other studies,12-14 it is 
observed that the most important factor affecting the treat-
ment cost of CKD patients is always mentioned as comorbidi-
ties. Therefore, hospitals need to pay attention to different 
treatment methods focusing on the management of associated 
comorbidities to improve treatment efficiency and reduce the 
treatment cost of patients.

Table 3. Regression results for the estimated model by treatment costs and drug costs.

PATIENT 
CHARACTERISTICS

IMPACT ON TREATMENT COSTS IMPACT ON DRUg COSTS

IMPACT 
COEFFICIENT

95%CI PC IMPACT 
COEFFICIENT

95%CI PC

The stage of CKDa

 Stage 3  

 Impact coefficient 1.2238 0.9549-1.4926 <.001 0.8566 0.5805-1.1328 <.001

 Differences in costs 557.83 371.5-801.53 125.12 72.66-194.29

 Stage 4-5  

 Impact coefficient 1.8279 1.5111–2.1446 <.001 1.3550 1.0312-1.6788 <.001

 Differences in costs 1213.42 820.84–1752.1 265.6 166.6-402.47

 ESRD  

 Impact coefficient 3.9149 3.5893–4.2404 <.001 3.2613 2.9247-3.5979 <.001

 Differences in costs 11 422.4 8183.2–15 906 2315.9 1627.6-3279.6

Age

 Impact coefficient 0.0161 0.0102–0.0219 <.001 0.0200 0.0137-0.0263 <.001

 Differences in costsd 350.09 173.69–618.98 205.58 106.85-365.58

Femaleb

 Impact coefficient (0.596) (0.783)–(0.409) <.001 (0.403) (0.593)-(0.214) <.001

 Differences in costs (189.3) (275.9)–(117.4) (45.88) (74.66)-(22.07)

Diabetes

 Impact coefficient 0.2946 0.1136–0.4756 .001 0.3906 0.2039-0.5773 <.001

 Differences in costs 79.62 27.96–141.54 44.12 20.88-72.13

Cardiovascular disease

 Impact coefficient 0.6196 0.4256–0.8136 <.001 0.6550 0.4537-0.8563 <.001

 Differences in costs 199.46 123.3–291.92 85.42 53.01-125.05

Anemia

 Impact coefficient 0.6651 0.4201–0.9101 <.001 0.7398 0.4863-0.9932 <.001

 Differences in costs 219.56 121.35–345.04 101.15 57.82-156.94

aCompared with patients with CKD stage 1-2.
bCompared with male patients.
cTwo-tailed Z test.
dThe average differences in costs between patients in the 1 to 100-year age group.
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Conclusions
In District 2 Hospital, the cost of CKD treatment was higher 
than Vietnam’s per capita GDP in 2019. The important fac-
tors affecting the cost are comorbidities and dialysis. Further, 
research on this topic can improve data, which can increase 
the accuracy of the regression forecast and its applicability in 
practice. This improves the medical quality of District 2 
Hospital.
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